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Description 

FIELD OF THE INVENTION AND RELATED ART 

This Invention relates to an apparatus for remov- 
ing impurities deposited on an optical element for use 
with a radiation beam such as a synchrotron orbit ra- 
diation beam, for example. 

If an optical element is used with a radiation beam 
for a long period, carbon (C), for example, is deposit- 
ed onto such portion of the surface of the optical ele- 
ment having been irradiated with the radiation beam. 
This raises a problem of deterioration of the property 
of the optical element. In the past, experiments were 
made to remove deposited carbon by using oxygen 
plasma ("Applied Optics", Vol. 26. No. 18/1 5, Septem- 
ber, 1987), 

However, because of use of the oxygen plasma, 
the proposed method of removing impurities involves 
the following Inconveniences. That is, like the addi- 
tion of electrode means for producing plasma, it 
needs modification of a chamber or provision of other 
additional devices. Also, since the optical element as 
a whole Is exposed to the plasma, there Is a possibility 
that a non-contaminated portion is damaged. 

Furthermore, JP-A-60-12128 discloses a photo- 
chemical surface treating apparatus comprising a 
chamber for receiving an object to be treated, means 
for evacuating the chamber, means for introducing 
gas, and a lamp for Irradiating the object at a desired 
wavelength; and JP-A-60-129136 discloses an irra- 
diating apparatus comprising a chamber for receiving 
an object to be treated, means for evacuating polluted 
gases, means for introducing oxygen to said cham- 
ber, and an ultraviolet lamp for irradiating the object. 

SUMMARY OF THE INVENTION 

The present invention is defined in claim 1. An ob- 
ject thereof is an apparatus for removinq impurities 
deposited on an optical element with a simple proc- 
ess by which the optical element is less damaqed. 
This object can be achieved by removing impurities 
from the surface of the optical element by means of 
photochemical etching. 

The device structure for the photochemical etch- 
ing is quite simple, and only the addition of a gas dis- 
charging system to an optical element chamber as 
well as a gas inlet port and a light transmitting filter 
at the radiation beam input side, is necessary. 

The mechanism of reaction is such that: in an oc- 
casion where oxygen, for example, is used as a reac- 
tive gas, light of a wavelength shorter than 2537 ang- 
stroms is projected to the oxygen, by which ozone is 
produced. This absorbs light shorter than 8500 ang- 
stroms, by which molecule oxygen and atom oxygen 
are produced. Since the atom oxygen is active, It re- 
acts with carbon which is the component of the un- 
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dear matter on the surface of the optical element, to 
gasify it The resultant gas is then discharged. 

With this mechanism, no physical force is applied 
to the surface of the optical element and, therefore, 
there is no possibility of damage of the element 

These and other objects, features and advantag- 
es of the present Invention will become more appa- 
rent upon a consideration of the following description 
of the preferred embodiments of the present inven- 
tion talcen in conjunction with the accompanying 
drawing. 

BRIEF DESCRiPTIQN OF THE DF^WING 

The accompanying drawing is a schematic repre- 
sentation, showing the basic structure of a cleaning 
device of the present invention when It is used in an 
exposure system. 



20 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 : 

25 in this embodiment, in the basic structure of the 
present invention as illustrated in the drawing, as an 
optical element 7 for use with a radiation beam, a 
grazing incidence mirror made of silicon dioxide 
(SiOa) coated with gold (Au) Is used. 
30 Radiation beam emitted by an electron accumu- 
lation ring 1 is projected to the grazing incidence mir- 
ror? through a beam line 2. For this projection, the in- 
side of a chamber 6 in which the mirror 7 Is placed is 
evacuated through an evacuation line 8 and the inside 
35 vacuum is maintained not greater than 10-^ Torr, for 
example, about 5x10-® Torr. 

If the radiation beam from the electron accumu- 
lation ring 1 is projected continuously to the minror 7 
for a long time period, impurity mainly consisting of 
40 Gari)on (C) is deposited to the reflection surfoce of the 
mln-or 7. According to simulated measurement of the 
reflectivity, assuming that the mirror is irradiated with 
the radiation beam for about one year, the mirror sur- 
face reflectivity decreases, on the average, to about 
45 70-80 % of its original reflectivity. Particularly, in the 
wavelength range near 44 angstroms which con^ 
spends to the wavelength at the absorption edge of 
the carbon, the reflectivity decreases to about 30 %. 
To such reflectivity-decreased minror 7, the surface 
50 cleaning of the present Invention may be conducted, 
by which the original reflectivity can be restored. This 
will be explained below in greater detail. 

First, a protection valve 3 and a transmission fil- 
ter 4 provided along the beam line 2 are closed by us- 
55 Ing a linear motion coupler, and the transmission filter 
4 is positioned in the beam line 2. Then, a valve 9 
which is provided at a side of the mirror chamber 6 
facing to an exposure apparatus 11, is closed and, 
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thereafter, an oxygen gas is introduced into the mirror 
chamber 6 through a gas inlet 5. The protection valve 

3 Is provided to avoid breakage of the filter 4 due to 
a differential pressure to be produced between the 
beam line 2 and the mirror chamber 6 as the oxygen 5 
gas Is introduced from the gas inlet 5, which brealcage 

has a considerable effect on the electron accumula- 
tion ring (synchrotron) 1 as a whole. Thus, essentially 
it may be omitted. However, in consideration of safe- 
ty» use of the protection valve is desirable. io 

Also, in order to prevent a possibility that a large 
force is applied at a moment to the transmission filter 

4 as the oxygen gas is introduced, It is desirable to 
provide a needle valve 20 or the like at the gas Inlet 

5 such that the gas is introduced slowly. The evacua- is 
tion line 8 is coupled to a vacuum source (not shown), 

and a conductance valve 21 or the like effective to re- 
duce the conductance is disposed at an end portion 
of the evacuation line 8, to allow slow leakage. Under 
such slow leakage, the inside pressure of the mirror 20 
chamber 6 is maintained at a few tons, for example, 
about 2 torrs. After this, the protection vah/e 3 is 
opened, whereby the radiation beam from the elec- 
tron accumulation ring 1 is projected to the transmis- 
sion filter 4. Thus, the light transmitted through this 25 
filter 4 is projected to the reflection surface of the mir- 
ror 7. Here, the transmission filter 4 may be made of 
silica (Si02) of a thickness of 0.5 mm. In that occa- 
sion, light containing a wavelength component of 
2537 angstroms and having an energy sufficient for 3Q 
accelerating the reaction of oxygen introduced into 
the mirror chamber 6 with carbon deposited to the re- 
flection surface of the mirror 7, can be supplied from 
the filter 4 to the mirror 7. 

Leaving this condition for about fifteen (15) 35 
hours, the deaning process may be completed. Ac* 
cording to simulated measurement, the reflectivity of 
the mirror 7 can be restored to a level not lower than 
95 % of its original reflectivity. 

The exposure apparatus 11 in this example is 40 
used to print a pattern of a mask 1 5 on a semiconduc- 
tor wafer 16 in a step-and-repeat manner, by using the 
radiation beam (X-rays) emanating from the electron 
accumulation ring 1 and reflected by the mirror 7. In 
the attached drawing, denoted at 12 is a beryllium 45 
film (beryllium window) for isolating a high vacuum at 
the mirror chamber 6 side from a reduced-pressure 
helium gas ambience at the exposure apparatus 11 
side. In the operation of the exposure apparatus 11. 
Denoted at 1 3 is a shutter for controlling the exposure 50 
(the amount of exposure) of the mask 1 5 and the wa- 
fer 16 with the radiation beam from the mirror 7. De- 
noted at 14 is a mask holder for holding the mask 15 
at the Illustrated exposure position. Denoted at 17 is 
a wafer stage for holding the wafer 1 6 and being mov- 55 
able in the y-axis (vertical) and x-axis (horizontal) di- 
rections, for step-and-repeat exposures of the wafer 
16. These components are accommodated in an ex- 



posure chamber 30, and they are surrounded by the 
reduced-pressure helium gas ambience. 

Embodiment 2 : 

In this embodiment in the basic structure of the 
present invention illustrated in the attached drawing, 
as an optical element 7 for use with a radiation beam, 
a diffraction grating (twelve hundred lines per milli- 
meter) made of silica (SIO2) is used. 

Radiation beam emitted by the electron accumu- 
lation ring 1 is projected to the diffractk>n grating 7 
through the beam line 2. In this projection, the Inside 
of a chamber 6 In which the diffraction grating is ac- 
commodated, is maintained at a vacuum of not great- 
er than 10^ Torr for example, 5x1(HTorr. 

According to simulatton, if the radiation beam is 
projected to the diffraction grating for about seven 
months, the intensity of first-order diffraction light of 
the light inputted to the diffraction grating at an angle 
of 20 degrees with respect to a normal to the diffrac- 
tion grating, decreases to about 1 0 % of that as attain- 
able before irradiation with the radiation beam. 

To such diffraction grating, a similar cleaning 
process as Embodiment 1 may be conducted. In this 
embodiment, the transmission filter may be made of 
silica (SIO2) of a thickness of 1 mm, while the oxygen 
gas pressure may be at 5 Tonr. According to simula- 
tion, by projecting the filter-transmitted light to the 
surface of the diffraction grating for twelve (12) 
hours, the diffraction efficiency can be restored to a 
level of 90 % of the original efficiency. 

Embodiment 3 : 

In this embodiment, as an optical element for use 
with a radiation beam, a grazing Incidence mirror 
made of siiica (SiOa) and coated with gold, is used. 

The grazing incidence mirror 7 is disposed In a 
chamber 6 the inside of which is maintained at a pres- 
sure not greater than 10^ Torr, for example, about 
5x10-^ Torr. According to simulated measurement of 
reflectivity, if the mirror surface is Irradiated with the 
radiation beam from the electron accumulation ring 1 
for about one year, the reflectivity decreases, on the 
average, to about 80 % of the original reflectivity. In 
this embodiment, by using a heater (not shown), such 
reflectivity-reduced min^or 7 Is heated so that Its sur- 
face temperature rises to 200 ''C, and then the clean- 
ing process is conducted in a similar manner as in 
Embodiment 1. In the present embodiment, the oxy- 
gen pressure In the chamber 6 may be held at a few 
torrs, for example, 2 torrs. Also, the transmission filter 
4 may be made of silicon nitride (Si3N4) of a thickness 
of 0.2 micron formed by back-etching. 

Leaving this condition for twelve hours, the clean- 
ing process may be completed. According to simula- 
tion, the reflectivity can be restored to a level not low- 
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er than 95 % (average) of the original reflectivity. 



Claims 



Embodiment 4: 

f n this embodiment, as an optical elenient for use 5 
with a radiation beam, a grazing incidence mirror 
made of silica (Si02} coated with platinum (Pt) Is 
used. 

The grazing incidence mirror 7 is disposed in a 
chamber 6 the Inside of which rs maintained at a pres- io 
sure not greater than 1(H Torr. for example, about 
5x10-9 jorr According to simulated measurement of 
reflectivity, if the grazing incidence mirror is irradiated 
with the radiation beam from the electron accumula- 
tion ring 1 for about one year, the reflectivity decreas- is 
es on the average to about 75 % of the original reflec- 
tivity of the mirror. To such reflectivity-decreased mir- 
ror, a cleaning process of the present Invention may 
be conducted. In this embodiment, the pressure in the 
chamber 6 may be a few torrs, for example, 2 torrs. 20 
Also, the transmission filter may be provided by a sil- 
ica plate of a thickness 1 mm. in this embodiment, 
ozone prepared separately is introduced into the 
chamber 6, and the cleaning process is carried out. 

Leaving this condition for twelve hours, the clean- 25 
rng process may be completed. According to simulat- 
ed measurement of the reflectivity, the reflectivity 
can be restored, on the average, to 95 % or more of 
the original reflectivity. 

As described hereinbefore, with the method and ao 
apparatus for cleaning an optical element for use with 
a radiation beam, it is possible to remove carbon de- 
posited on the optical element which leads to deteri- 
oration of the performance of the optical element, 
with a simple structure and without damaging the opt- 35 
ical element Thus, it is possible to restore the prop- 
erty of the optical element 

Further, in accordance with the present invention, 
the cleaning process for removing carbon or the like 
can be executed within a vacuum ambience, and, 40 
thus, without exposure to atmosphere. Also, the 
cleaning process can be executed without demount- 
ing the optical element. Thus, it is possible to reduce 
the time necessary for demounting/mounting and for 
aligning the optical element Further, the device 45 
structure as well as added components are simple. 
Also, there is no possibility of damaging the surface 
(coating) of the optical element Consequently, the 
present invention is significantly contributable to 
easy maintenance of an optical element to be used so 
with a radiation beam, to which attention has not been 
paid. This ensures effective utilization of the synchro- 
tron radiation beam in terms of function and also of 
time. 

55 



1. Apparatus for irradiating a substrate, said appa- 
ratus comprising a source (1) providing a beam of 
electromagnetic radiation, a vacuum chamber 
(6), means (8, 21 ) for evacuating said chamber 
and an optical element (7) mounted in said cham- 
ber (6) in order to receive said beam and to direct 
it towards the location of said substrate; said ap- 
paratus beinq characterised by: 
gas supplying means (5, 20) Ibr supplying into 
said chamber (6) a gas able to react photochem- 
Ically with impurities deposited on the surface of 
said optical element (7) and selecting means (4) 
for selecting radiation of a desired wavelength 
ranqe from said source (1), whereby, upon Intro- 
duction of said gas In said chamber (6) and actua* 
tlon of said source (1) and said selecting means 
(4), the beam receiving sur^ce portion of said 
optical element <7) can be cleaned via photo- 
chemicai etching from impurities deposited 
thereon without demounting said optical element 
(7). 

2. An apparatus as claimed in claim 1 , wherein said 
optical element (7) comprises a reflector. 

3. An apparatus as claimed in claim 1 or 2, charac- 
terised In that said gas supplying means (5, 20) 
are arranged to supply oxygen gas. 

4. An apparatus as claimed in claim 1 or 2, charac- 
terised In that said gas supplying means (5, 20) 
are arranged to supply ozone gas. 

5. An apparatus as claimed In claim 2, wherein sup>- 
portlng means (11) are provided for supporting a 
wafer substrate (16) for exposure to said radia- 
tion beam reflected by said optical element (7). 

6. An apparatus as claimed in claim 5, wherein said 
supporting means (11) is provided with a mask 
(15), whereby on exposure of said wafer (16) by 
said beam, a pattern of said mask Is transfenred 
onto the wafer. 

7. An apparatus as claimed In claim 5, character- 
ised in that means are provided to actuate said 
gas supplying means (5, 20), said source (1) and 
said selecting means (4) to remove impurities 
from said surface portion of said optical element 
(7) during a time period in which exposure of said 
wafer (16) is not operated. 

8. An apparatus as claimed in any one of claims 1- 
7, characterised in that sard selecting means (4) 

comprises a filter (4) provided between said 
source (1) and said chamber (6) for selecting the 
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desired wavelength range from the beam. 

9- An apparatus as claimed in claim 8, character- 
ised in that said filter (4) is made of silica. 

10. An apparatus as claimed in dalm 1 , wherein said 
source (1) comprises a synchrotron radiation 
source. 



Patentanspruche 

1- Vorrichtung zum Bestrahlen eines Substrata, 
wobel die Vorrichtung eine Quelle (1). die ein 
Bundel aus elektromagnetischer Strahiung zur 15 
Verfugung steitt, eine Vakuumlcammer (6), Ein- 
rlchtungen (8, 21) zum Evakuieren der Kammer 
und ein optlsches Element (7), das in der Kanv 
mer(6) anqebracht ist, urn den Strahl zu empfan- 
gen und ihn zu der Stelle des Substrats zu rich- 20 
ten, unrYfa&t; wobel die Vorrichtung gekennzelch- 
net 1st durch : 

Gaszufuhreinrichtungen (5, 20) zum Zuf uhren el* 
nes Gases mit der Fahigkeit, photochemisch mit 
auf der Oberflache des optischen Elements (7) 25 
abgeschiedenen Verunreinlgungen zu reagieren, 
In die Kammer (6) und Auswahlelnrichtungen (4) 
zum Auswahlen von Strahlung eInes erwunsch- 
ten Wellenlangenbereichs von der Quelle (1), wo- 
durch. bei Einf uhren des Gases in die Kammer (8) 30 
und Betatigung der Quelle (1) und der Auswahl- 
einrlchtung (4) der strahlaufnehmende Oberfia- 
chenbereich des optischen Elements (7) durch 
photochemisches Atzen von auf dem optischen 
Element abgeschiedenen Verunreinlgungen ge- 35 
reinlgt werden kann, ohne das optische Element 
(7) zu demontieren. 

2. Vorrichtung nach Anspruch 1, wobei das opti- 
sche Element (7) einen Ref lektor umfa&t 40 

3. Vorrichtung nach einem der Anspruche 1 und 2, 
dadurch gekennzeichnet. daR die Gaszufuhrein- 
richtungen (5, 20) zur Zuf uhr von Sauerstoffgas 
angeordnet sind. 45 

4. Vorrichtung nach einem der Anspruche 1 und 2, 
dadurch gekennzeichnet, daS die Gaszufuhrein- 
richtungen (5, 20) zur Zuf uhr von Ozongas ange- 
ordnet sind. 50 

5. Vorrichtung nach Anspruch 2, wobel Halteeln- 
richtungen (11) zum Halten eines Wafersubstrats 
(16) zur Belichtung mit dem von dem optischen 
Element (7) reflektierten Strahlungsbundel be- 55 
reltgesteiit sind. 

6. Vorrichtung nach Anspruch 5, wobei die Halteein- 



richtung (11) mit einer Maske ausgestattet ist, 
wodurch bei Belichtung des Wafers (16) mit dem 
Strahl ein Muster der Maske auf den Wafer uber- 
tragen wird. 

7. Vorrichtung nach Anspruch 5, dadurch gekenn- 
zeichnet, da& Einrichtungen bereltgestellt sind, 
um die Gas-Zufuhrelnrichtungen (5. 20). die 
Quelle (1) und die Auswahleinrichtungen (4) zu 
betatigen, um Verunreinlgungen von dem Ober- 
f ISchenbereich des optischen Elements (7) wih- 
rend einer Zeitdauer, in der die Belichtung des 
Wafers (16) nicht durchgefOhrt wird, zu entfer- 
nen* 

a. Vorrichtung nach einem der Anspruche 1 bis 7, 
dadurch gekennzeichnet da& die Auswahlein- 
rlchtung (4) einen Filter (4), der zwischen der 
Quelle (1) und der Kammer (6) zum Auswahlen 
des erwunschten Wellenlangenbereichs von 
dem Strahl bereltgestellt 1st, umfaQt 

9. Vorrichtung nach Anspruch 8, dadurch gekenn- 
zeichnet, dal^ der Filter (4) aus Siliziumdioxid ge- 
macht ist. 

10. Vorrichtung nach Anspruch 1, wobei die Quelle 

(1) eine Synchrotron-Strahlungsquelle umfaGt. ^ 

Revendicatlons 

1. Appareil pour irradier un substrat, cet appareil 
comprenant une source (1) qui prodult un fais- 
ceau de rayonnement Slectromagn^tique, une 
chambre ^ vide (6), des moyens (8, 21) pourfaire 
le vide dans la chambre et un ^i^ment optique (7) 
mont6 dans la chambre (6) de fagon k recevoir le 
faisceau et ^ le dinger vers Templacement du 
substrat ; cet appareil ^tant caracteris6 par : 
des moyens d'alimentation en gaz (5, 20) desti- 
nes S introduire dans la chambre (6) un gaz ca- 
pable de r^agir de fagon photochimrque avec des 
ImpuretSs d6pos6es sur la surface de T^ISment 
optique (7), et des moyens de selection (4) pour 
sdlectlonner le rayonnement par la source (1) 
d'une gamme de longueurs d'onde d^sir^e, grdce 
k quoi, sous I'effet de Tintroduction du gaz dans 
la chambre (6) et de Tactionnement de la source 
(1) etdes moyens de selection (4), la partte de la 
surface de I'SISment optique (7) qui regoit le fais- 
ceau peut Stre nettoyde parattaque photochimi- 
que, defagon a etred6barrass6e d'impuret^s d6- 
pos^es sur elle, sans d^onter I'^l^ment optique 
(7). 

2. Un appareil selon la revendication 1 , dans lequel 
I'dt^ment optique (7) comprend un r^flecteur. 
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3- Un appareii selon la revendlcatlon 1 ou 2. carac- 
t6ris6 en ce que les moyens d'alimentation en 
gaz (5, 20) sont congus pourfournir de I'oxyg^ne. 

4. Un apparerl selon la revendication 1 ou 2, carao- 5 
t6ris6 en ce que les moyens d'aJImentatlon en 
gaz (5, 20) sont congus pour fournir de Tozone. 

5. Un appareii selon la revendication 2, dans fequel 

des moyens de support (11) sont prSvus pour io 
supporter un substrat (16) conslstant en une 
tranche, pour Texposltlon au faisceau de rayon- 
nement qui est r^fi^chi parr6l6ment optique (7). 

6. Un appareii selon la revendication 5p dans fequel is 
les moyens de support (11) sont munis d'un mas- 
que (1 5), gr^ce ^ quo! sous I'effet de I'expositlon 

de la tranche (16) par le faisceau, un motif de ce 
masque est transfers suria tranche. 

20 

7. Un appareii selon la revendication 5, caract§rlsd 
en ce que des moyens sont pr6vus pouractionner 
les moyens d'alimentation en gaz (5. 20), ta sour- 
ce (1) et les moyens de selection (4). de fagon d 
dliminer des impuret^ de la partie de surface de 25 
r^l^ment optique (7) pendant un intervalle de 
temps au cours duquei Texposition de ta tranche 

(16) n'a pas lieu. 

8. Un appareii selon Tune quelconque des revendi- 30 
cations 1-7, caract^ris^ en ce que les moyens de 
selection (4) comprennent un f litre (4) qui est pla- 

c6 entre la source (1) et la chambre (6), pour se- 
lectlonner d partir du faisceau la gamme de lon- 
gueurs d'onde ddslrie. 35 

9. Un appareii selon la revendication 8, caractSris^ 
en ce que le f litre (4) est en silice. 

10. Un appareii selon la revendication 1 , dans lequel 40 
la source (1 ) consiste en une source de rayonne- 
ment synchrotron. 
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